Studies in ranch economics and related problems comprise a relatively new and fertile field for agricultural research workers.
the nutrition specialist. In fact it is the combined and correlated efforts of the several types of specialists that is necessary to render the industry the maximum of research service.
Such work was initiated in Texas about 1915 when the governing board established a Ranch Experiment Station in a typical ranching area on the Edwards Plateau. The problem was (1) to focus the activities of the different research specialists-the chemist, the botanist, the entomologist, and the animal husbandman-on the varying problems of the range livestock industry; (2) to coordinate the research activities of these physical and biological research workers with those of the research agricultural economist; (3) to find the most important of the ranch problems; (4) to develop research methods especially suited to the different studies to be made; and (5) to make headway with appropriate projects.
Some of the major objectives of ranch economics research, considered from the point of view of the industry as well as that of the investigator, are: (1) To study with a view of improvement and better utilization of the carrying capacity of our ranges; (2) To improve the quantity and also the quality of our ranch products; (3) To effect a consistent way to lower production and marketing costs; (4) To eliminate wastes and losses such as occur from inefficient organization of the ranch, from diseases, from parasites, accidents, poor equipment, poor management, and so forth. (5) To perfect systems of herd, and, in fact, general ranch management; (6) To perfect ranch financial practices; (7) To perfect an efficient and practical marketing system. The writer will content himself with a discussion of carrying capacity, which he considers to be the heart and soul of ranch economic studies, and will present a method for its more scientific calculation.
To begin with, it is necessary to discuss some definitions. The term "carrying capacity" is employed with different meanings in different parts of the country. On the steer ranches in Southwest Texas it means the number of steers per section of land. In other places it may mean the number of acres grazed per animal per annum. In the Northwest it may mean the number of livestock that may be grazed on a given area during the winter or summer grazing season. In the case of tenants, carrying capacity may mean the number and kinds of livestock that a given ranch will carry during the period of the lease. We in Texas usually think in terms of annual carrying capacity. On a good year it may be 75 heads of cattle per section, an average year 40, and on a poor year only 20, with corresponding variations in the number of sheep, goats, horses, and mules which may be carried on the same range.
Among cattlemen, the cow is ordinarily the unit of measurement of carrying capacity.
Bulls and other classes of cattle one year old and over are considered, head for head, as consuming the same amount of vegetation as a cow. As a rule calves are not counted. In the old-time cow business on the free open ranges, this was a practical way of dealing with carrying capacity, but it is not sufficiently accurate for scientific purposes or for the highly intensified ranching methods of the present time.
The ranchmen's method is especially inadequate for use in a section practic-ing diversified grazing, including cattle, sheep, and goats, such as the Edwards Plateau.
For some years past, therefore, it has been the aim of the present writer to develop if possible a more scientific method of computing carrying capacity so that one range or section of the country might be fairly compared with another. Fortunately we have in physics and animal nutrition a very accurate scientific basis for defiining carrying capacity and determining a unit for its measurement.
It is said that the ruminants, such as cattle, sheep, and goats, digest range forage with approximately equal efficiency and that age makes no appreciable difference.
In order, therefore, to determine the feed requirements of the different classes of range animals, it is necessary to know the initial weights of the different types and classes of animals studied and their increases in weights during the grazing period.
It must be recognized, however, that the different types of range animals vary in size and that they differ in range and grazing habits so that one may utilize carrying capacity to a greater advantage than another. In making our study of Sutton County, Cox and I selected the range mother cow, whose weight at the beginning of the year was 675 pounds, whose average weight was 7121/2 pounds, and whose weight at the end of the year was 750 pounds, as the unit of measurement of carrying capacity.
Our definition, therefore, of the carrying capacity unit is, "the amount of forage or dry matter required to maintain a mother cow averaging 712?/ pounds on the range for one year." Normal carrying capacity may be defined as, "the number of available carrying capacity units produced one year with another over a period of years covering at least one weather cycle." By this is meant, "the power of the range to provide maintenance and gains in weight to certain numbers and proportions of livestock, year in and year out, with benefit rather than injury to the desirable vegetation."
The actual carrying capacity produced in any particular year may be estimated by keeping records as to the numbers, weights, types, and classes of animals which may be run on a definite area. This method was used by Cox and the writer in our studies in Sutton County in 1920-1922 and has since been used by Gabbard and the writer in connection with a class of senior students in Ranch Economics. In this calculation, range forage is assigned a value of 35 therms for each 100 pounds of dry matter consumed, or 1 therm equals 2.86 pounds of dry matter, referred to herein as the dry matter equivalent."
Bucks -----------
The unit of measurement employed is 5,591 pounds of dry matter, the amount necessary to maintain a mother cow for one year, weighing 675 pounds at the beginning of the year, 750 pounds at the end of the year, averaging 712.5 pounds, and providing for a gain of 75 pounds during the year. This was arrived at from estimates made by 97 ranchmen on the weight of their mother cows. For any particular ranch it would be better to use the actual weight of the mother cows carried as the carrying capacity unit for that ranch. For example, our mother cows on the Ranch Experiment Station for the year 1924 showed an average weight of 910 pounds. In case the ranch were to be stocked on the basis of the standard unit of a 712.5 pound cow instead of a 910 pound cow it would more than likely be overstocked at the beginning.
In order to calculate the carrying capacity units used the following data must be available: a. The type and class of animal grazed. b. The number of animals grazed. c. The total number of days grazed. d. Weight at beginning of period and end of period from which the average weight maintained, as well as the gains made, may be ascertained. e Therms required for maintenance for one day and per pound. This is indicated for cattle and horses at weight intervals of 50 pounds, ranging from 150-1,500 pounds in Table I -a, and for sheep and goats in Table II, The total carrying capacity units used is the sum of maintenance and gain requirements. To illustrate, let us take 9 dry cows grazing for a period of 76 days, having an average weight of 970.56 pounds, and making a total gain of 960 pounds. Substituting in the formulas we have for maintenance: At this point it might be well to go back to the first illustration and explain how .0061, the therms required for maintaining one pound for one day of cows weighing an average of 970, was obtained. Turning to Table I-a we find that 950 is the nearest given weight to our average and that the therms required for maintaining one pound for one day of an animal weighing 950 pounds is .0061-hence its appearance in the calculation. A further explanation should be given in connection with the calculation of units required for gains. Some one asks, "How did you obtain 3.25, the therms required for gains per pound?" If we turn to Table IV-a, we find that mature animals, 24-30 months old, require 3.25 therms for each pound of gain made. weighed into a pasture without water and weighed out of it with water might show good gains when no gains were made. In addition to observing uniform conditions for weighing, ample notes should be kept on both the behavior of the animals and the vegetation being grazed. Obviously the range cow on the Edwards Plateau is not up to the standard in size for the whole Western country. We need, therefore, some compromise in the weight of the standard mother cow which could be used as the carrying capacity unit of measurement throughout the West. In the Northern Great Plains we found many cows weighing more than a thousand pounds and it seems that the size of cows gradually declines as one goes from Montana to the Gulf of Mexico. It might be desirable, for example, to have a cow whose average weight is 900 pounds as unity. It is, however, rather important that the unit adopted be model for the weights of range cows. If we had such a unit universally agreed upon, then it would be a very easy matter to conduct studies which would enable us to compare the carrying capacity of one section with another. I would like to know, for example, how the carrying capacity around Miles City, Montana, compares with that around Houston, Texas. I understand that it takes 25 or 30 acres to a cow around Miles City and that only 5 acres are required for a cow around Houston, yet I personally know that there is a big difference in cows, weighing more than a thousand pounds at Miles City, and scrubs around Houston, weighing 500 to 600 pounds. In the absence of a unit of measurement for both sections, however, we cannot compare the ranges around Houston with those around Miles City.
As a last word I wish to say that too much emphasis cannot be placed on the importance of having animals weighed

TABLE I a MAINTENANCE REQUIREMENTS OF CATTLE AND HORSES PER DAY AND POUND-INTERPOLATED GRAPHICALLYt
Of course it is just as easy to use one weight for unity as another. What we ought to do is to find out how many therms we shall consider as unity, convert these into dry matter, and determine the ratios for the diferent types and classes of The pastures were designated as B, C, D, E, G, and I, and cattle, sheep, goats, mules, and horses were weighed in and out of pastures at the beginning and end of the grazing periods, the exact time of weighing depending upon the conditions of the pasture and the necessity for moving the livestock. In 1920 our estimate of the normal carrying capacity of the ranges, of which our Ranch Experiment Station was a part, was 70 carrying capacity units per section and we attempted to stock accordingly, but under our grazing study our effort was to make the best utilization of the range, "with benefit rather than injury to the desirable vegetation. 
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We do not attach a great deal of importance, however, to the increase in carrying capacity indicated in the figures given between the years 1920 and 1924. Undoubtedly there was considerable improvement in the ranges due to superior management, but during the year 1924 the rainfall was unusually favorable to the production of range forage. Instead of using these figures to show any particular result, therefore, we are merely using them to show the use to which we are putting our method of computing carrying capacity. The work will, of course, be continued through a period of years and in due time published by the Texas Station.
It seems desirable to initiate ranch economic studies with carefully designed and competently conducted surveys which give the investigator an introduction or "a speaking acquaintance" with the industry and its problems. Undoubtedly the surveys are in themselves insufficient and must be followed by more definite records covering a period of years and, in addition to these, the different scientists on our experiment station staffs should be put to work on special projects covering dif-ferent aspects of ranch problems. Some of these will be conducted by the Station chemist, others by the entomologist, others by the animal husbandman, others by the farm and ranch economist, others by the plant and animal pathologist, and still others by the botanist. Thus the work may be distributed to the various specialists on the experiment station staff, just as farm problems are so distributed, until the ranch problems of the country receive a scientific research service adequate for the purposes held in view and in no sense secondary to such service rendered the farmers of the country.
Sarvis of North Dakota is making excellent botanical studies of the Northern Great Plains region. Cory, at the Texas Station, is beginning such work and also has well under way studies of the range habits of cattle, sheep and goats which are proving very interesting but have not gone far enough yet for publication. It is hoped that all of our western states and our Federal Department of Agriculture in its several bureaus and subdivisions will take advantage of their wonderful opportunities to do scientific research work in the field of ranching by which is meant the production of livestock primarily upon the native vegetation of our western ranges, so that our semi-arid grazing lands may be made to produce the greatest and most valuable product possible and that the people who live in the ranch country may have closer communication and live more comfortable and satisfactory lives.
